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（1） 本实验浓度（0.5 ~ 3 mg/L）的菲对海马齿没有表观毒害作用，海马
齿可以正常生长；随着菲起始浓度的增大，培养液中菲的减少量也随之增加，
种植海马齿的各处理组中菲浓度分别从 0.419 mg/L、0.904 mg/L 和 2.647 mg/L




（2） 实验 4 d 后，不种植海马齿的对照组和种植海马齿的抑菌组与不抑
菌组海水中菲浓度分别从 0.988 mg/L、0.942 mg/L 和 0.957 mg/L 降至 0.553 






















（3） 添加有机质的植物组中细菌数量的 高值达 760.7×105 cell/mL，而







2.357 mg/L、2.182 mg/L 和 2.143 mg/L，实验结束后其残留浓度分别为 1.738 
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Abstract 
Polycyclic aromatic hydrocarbons (PAHs), a class of persistent organic pollutants 
(POPs), are widely distributed in the soil, water and air environment. These 
compounds are of interest because of their carcinogenic, teratogenic, mutagenic and 
potential toxic properties. Environments contaminated by PAHs pose great threat 
worldwide to the human health and calls for an immediate reaction to remediate the 
contaminated sites. The prospect of phytoremediation is an attractive and 
cost-effective alternative to traditional engineering approaches. Many studies have 
demonstrated that plants have potential to enhance the dissipation of PAHs when 
compared to unplanted controls. However, the basic mechanisms involved are not 
well elucidated, and little information is available on PAHs uptaked and removed by 
plant, especially from coastal water. 
In our study, we chose perennial terrestrial euhalophyte plants Sesuvium 
portulacastrum L. as the phytoremediation plant and phenanthrene as typical PAH, 
and a set of hydroponic culture experiments were performed to demonstrate: (1) the 
phenanthrene removal efficiency in the presence of plant, (2) the response of plant 
growth and (3) the absorption, transfer and accumulation of phenanthrene by 
Sesuvium portulacastrum L. The results were as follows: 
(1) After 6 days of growth, the plant biomass, the phenanthrene residual 
concentrations and the plant accumulation of phenanthrene were determined. The 
results showed that phenanthrene did not affect plant growth under experimental 
concentrations. It was also evident that, despite of the reduced removal efficiency, 
the absolute removal rate of phenanthrene in the culture medium increased with the 
supplimented levels of phenanthrene reduced. At the end of the experiment, the 
phenanthrene concentration in the culture medium reduced from 0.419 mg/L, 0.904 
mg/L and 2.647 mg/L to 0.077 mg/L, 0.143 mg/L and 0.693 mg/L, accounting for 
81.6%, 84.2% and 73.8% of the phenanthrene removal efficiency for the each 
planted goups of different phenanthrene concentration, respectively. Comparing with 
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76.3%, 54.4 and 50.7%, respectively, for the planted goups. The results suggest that 
Sesuvium portulacastrum L. may have the capability of efficient removal of 
phenanthrene in the contamitated seawter of different phenanthrene concentrations. 
(2) The results showed that, after 4 days incubation, the concentration of 
phenanthrene in the culture medium of the unplanted control group (CK), the planted 
treatment group with inhibition (T1) and without inhibition (T2) reduced from 0.988 
mg/L, 0.942 mg/L and 0.957 mg/L to 0.553 mg/L, 0.185 mg/ L and 0.070 mg/L, 
respectively, i.e. the reduction rate was about 44.0%, 80.4% and 92.7% for CK, T1 
and T2 respectively. Comparing with that of CK, the increase of phenanthrene 
removal rate was about 36.4% and 48.7% for T1 and T2 respectively, thus a 12.3% 
higher for T2 than T1. By subtraction method, the contribution of phenanthrene 
removal caused by abiotic loss and that through the agency of plant and microbes 
were calculated to be 44.0%, 36.3% and 12.3%, respectively, in non-sterile group, 
which condition was similar to that of natural waters. However, in such case, the 
accumulation of phenanthrene inside the plant only accounted for 2.6%. It was 
suggested that the hydroponic Sesuvium portulacastrum L. could significantly 
enhance the removal of phenanthrene in seawater, where the plant and the associated 
microbes might play a major role in the removal processes. The results also 
suggested that phytoaccumulation mechanism was not as important as expected for 
Sesuvium portulacastrum L. in the remediation of phenanthrene. 
(3) The results showed that organic matter had significantly enhanced the 
bacteria yields and the removal rate of phenanthrene in the culture medium, where 
the final bacteria density were 760.7×105 cell/mL and 77.3×105 cell/mL, and, 
consequently, the removal rate of phenanthrene was 78.5% and 59.9%, respectively, 
in the planted groups with and without organic matter addition. With the addition of 
organic matter, the content of phenanthrene in plant tissue was 45.03 µg/g, which 
was significantly higher than that without organic matter addition (30.44 µg/g). The 
results suggest that organic matter could promote the microbes’ growth, facilitate the 
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(4) During experiment, Sesuvium portulacastrum L. was removed from the 
bacteria group after 2 days. The results showed that, the final concentration of 
phenanthrene in the culture medium was 1.738 mg/L, 1.167 mg/ L and 0.589 mg/L 
for CK1, T1 and T2, respectively, while the accumulated concentration of the added 
phenanthrene was 2.357 mg/L, 2.182 mg/L and 2.143 mg/L, respectively. Thus the 
reduction rate of phenanthrene was about 26.3%, 46.5% and 72.5% for CK1, T1 and 
T2 respectively, i.e. the phenanthrene removal contribution was 26.0% and 20.2% for 
the plant itself and the microorganisms associated with the plant root, respectively. 
Hence, it was suggested that both the plant and the microorganism associated with 
the plant root play the important role in the removal of phenanthrene in the 
phytoremediation system. 
Key words: Sesuvium portulacastrum L.; Polycyclic aromatic hydrocarbons (PAHs); 
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图 1-1：16 种优先监控多环芳烃的结构图（Varanasi U, 1989） 
Fig.1-1： Chemical structures of sixteen individual PAH compounds which have 



















有研究指出：森林火灾和火山活动所产生的 PAHs 少于环境中 PAHs 总量的 3%
（Li K et al., 2001）。人为源主要是石油、煤炭、有机物等在高温缺氧条件下裂
解与热合成的产物，如汽车尾气、焦炉、煤炉、油炉等燃烧废气中均含有大量
的 PAHs。PAHs 人为源的数量随着工业生产的发展大大增加，与自然源相比，
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